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Abstract

Pre-eclampsia is associated with increased maternal and perinatal mortality and 
morbidity. Early recognition of women at risk of pre-eclampsia will enable to 
identify the high risk women who may benefit from enhanced surveillance and 
prophylaxis. This chapter summarises the accuracy of various tests performed 
to predict the onset of pre-eclampsia and the effectiveness of preventative 
treatment. The tests to predict pre-eclampsia include clinical history, examination 
findings, laboratory and haemodynamic tests. In general, tests in early pregnancy 
for predicting later development of pre-eclampsia have better specificity than 
sensitivity, as BMI (Body Mass Index) >34, alpha-fetoprotein, fibronectin and 
uterine artery Doppler (bilateral notching) all have specificities above 90%. 
Only uterine artery Doppler resistance index and combinations of indices have 
a sensitivity of over 60%. Tests like kallikreinuria and SDS page proteinuria, 
not used in clinical practice have shown high sensitivity above 80%, without 
compromising specificity, and require further investigation. None of the tests are 
sufficiently accurate to recommend for routine use in clinical practice. The various 
treatment options to prevent pre-eclampsia include pharmacological agents, 
dietary supplementation and lifestyle modification. Antiplatelet agents, primarily 
low-dose aspirin reduce the risk of pre-eclampsia by 10% (RR 0.90, 95% CI 0.84 
to 0.97). Calcium effectively prevents pre-eclampsia (RR 0.45; 95% CI 0.31 – 0.65); 
the beneficial effect being observed in the high risk group (RR 0.22; 95% CI 0.12 
– 0.42) and in the group with low nutritional calcium intake (RR 0.36; 95% CI 0.20 
-0.65). Pharmacological agents like low molecular weight heparin, progesterone, 
nitric oxide donors, anti-hypertensives and diuretics are not effective in preventing 
pre-eclampsia. Dietary supplements like magnesium, anti oxidants, marine oils 
and folic acid do not reduce the incidence of pre-eclampsia. There is paucity of 
evidence to demonstrate that lifestyle interventions like rest, exercise and reduced 
dietary salt intake prevent pre-eclampsia. 
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Background

Pre-eclampsia is associated with adverse maternal and fetal outcomes. The 
incidence of pre-eclampsia varies with the risk factor ranging from 2% to 8% of 
pregnancies.1 In unselected women the incidence of pre-eclampsia is reported as 
2.5% (95% CI 1.9-3.4%).2 The incidence is much higher in women at high risk for 
pre-eclampsia and estimated to be 10% (9.3 - 10.8%).3-8 Women at high risk of 
pre-eclampsia include those with chronic hypertension, chronic kidney disease, 
autoimmune disease like systemic lupus erythematosis, type 1 and 2 diabetes 
and those with hypertension in a previous pregnancy. Pre-eclampsia can develop 
into severe pre-eclampsia and/or eclampsia. Overall, 15% to 25% of women with 
gestational hypertension progress to pre-eclampsia.9 
Screening is undertaken on a healthy population. It identifies those more at 
risk from a disease. It assumes that early detection through confirmatory tests 
is possible and that treatment improves outcome. Typically it involves a series 
of tests: Initial (screening) test, which if positive, leads to a confirmatory or gold 
standard test for disease. Only after confirmation of the second test treatment 
would be instituted. Hence classical screening may be carried out by relatively 
poor initial tests. This is because the screening test guides confirmation and 
the confirmatory test guides treatment. In pre-eclampsia this is not so (see Fig). 
The intention here is to apply primary preventative treatment straight after initial 
screening. Therefore in pre-eclampsia we require screening performance far 
superior to be expected for other screening tests. 
Screening for pre-eclampsia is an important part of routine antenatal care. 
Identification of women at risk of pre-eclampsia will help to judiciously allocate 
resources for close monitoring and prophylactic treatment to minimise adverse 
maternal and fetal outcomes. This will depend on the accuracy of the tests 
performed to predict the onset of pre-eclampsia. Ideally, a test should perform 
well in both sensitivity and specificity. Often there is a trade off between sensitivity 
and specificity and the preferred test performance depends on the prevalence 
and the severity of the condition i.e. pre-eclampsia and associated complications 
and the effectiveness, safety and cost of the prophylactic treatment. 
On one hand, the consequences of false positive results include the costs of 
intensive monitoring and treatment associated morbidity among normal women 
who would not develop pre eclampsia, it is important that test specificity is 
suitably high. On the other hand, falsely negative results miss women who develop 
pre-eclampsia at a later stage, leading to additional costs and morbidity of cases 
left untreated necessitating a test with high sensitivity. Presence of effective, 
cheap and safe interventions favours a test with high sensitivity than specificity. 
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The risk status of pregnant women to develop pre-eclampsia is currently assessed 
at the first antenatal booking visit through clinical history and examination. Routine 
screening for pre-eclampsia is based on measurement of blood pressure and 
urinalysis for proteinuria. 

Sources of information

The evidence for accuracy of tests and effectiveness of treatment for prediction 
and prevention of pre eclampsia has been obtained by review of reviews including 
Cochrane reviews,10-14 HTA reports,15 relevant guidelines,16;17 and primary studies 
in Medline (1966 – to date). The tests evaluated in the prediction pre-eclampsia 
and the preventative treatment methods are provided in Table 1a.
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Table 1a. Tests evaluated for prediction of pre-eclampsia

PREDICTION OF PRE-ECLAMPSIA

CLINICAL HISTORY

Maternal age 

Parity

Family history of pre-eclampsia

Multiple pregnancy

Pre eclampsia in previous pregnancy 

History of autoimmune disease, thrombophilia, diabetes, chronic hypertension

Molar pregnancy

CLINICAL EXAMINATION

Body Mass Index (BMI)

- BMI ≥ 25

- BMI ≥ 30

- BMI ≥ 35

Blood pressure in the first trimester and second trimester

- Mean arterial pressure 

- Systolic blood pressure

- Diastolic blood pressure

LABORATORY TESTS

Uric Acid

Proteinuria

- Total 24 hours proteinuria

- Microalbuminuria

- Spot albumin:creatinine ratio (ACR)

- Spot protein:creatinine ratio (PCR)

- Urinary Kallikrein

Plasma fibronectin (FN)

- Cellular FN 

- Total FN 

Angiogenic biomarkers

- Placental Growth Factor (PlGF)

- soluble fms-like tyrosine kinase 1 (sFlt-1)

- soluble Endoglin

OTHER TESTS

Alpha-foetoprotein 

Human chorionic gonadotrophin

HAEMODYNAMIC INVESTIGATIONS

Uterine artery Doppler 

- pulsatility index 

- Unilateral / bilateral notching

- Resistance index

- S/D ratio

- A/C ratio

- Notch index

Prediction and primary prevention of pre-eclampsia
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Predictors of onset of pre-eclampsia

Clinical history

The risk factors assessed at booking for pre-eclampsia include age, parity, history 
of pre-eclampsia in a previous pregnancy especially if severe or early onset,18;18-20 
a family history of pre-eclampsia,21;22 multiple pregnancy,23;24 duration between 
pregnancies and pre-existing medical conditions like diabetes18;23;25, chronic 
hypertension,18;23;26 renal disease,27 thrombophilias and autoimmune disease.28 
Obstetric factors associated with high risk are a current hydropic29 or molar 
pregnancy.30 A systematic review of studies showed that the risk of pre-eclampsia 
is almost doubled in women over 40 years of age (RR 1.7; 95% CI 1.2, 2.3 in 
primiparous women and RR 2; 95% CI 1.3, 2.9 in multiparous women).31 The risk 
of pre-eclampsia is tripled in nulliparous women (RR 2.9; 95% CI 1.3, 6.6), women 
with a family history of pre-eclampsia (RR 2.9; 95% CI 1.7, 4.9) and in women 
with multiple pregnancies (RR 2.9; 95% CI 2.0, 4.2 in twins and RR 2.8; 95% CI 
1.3, 6.4 in triplet pregnancy).31 The risk is even increased seven times in women 
who had pre-eclampsia in their previous pregnancy (RR 7.2; 95% CI 5.9, 8.8).31 In 
women with insulin dependent diabetes, the risk of developing pre-eclampsia is 
quadrupled (RR 3.6; 95% CI 2.5, 5).31 Women with a history of autoimmune disease 
and thrombophilia are at significantly increased risk of developing pre-eclampsia 
with RR of 6.9 (95% CI 1.1, 42.3) and 9.7 (95% CI 4.3, 21.8) respectively.31 

Clinical examination

Body Mass Index

Obesity in pregnancy is considered to be a risk factor for developing pre-eclampsia. 
The body mass index (BMI) is a standard for obesity measurement adjusting 
bodyweight for height (weight [kg]/height squared [m2]). BMI is categorised as 
underweight (BMI<20), normal weight (BMI 20-25), overweight (BMI>25) and 
obese (BMI>30). A systematic review of 36 studies involving 1,699,073 women 
evaluated the accuracy of BMI in predicting pre-clampsia.32 Pooled estimates for 
all studies with overweight and obese women (18 studies) were 47% (33–61) for 
sensitivity and 73% (64–83) for specificity. For a BMI ≥ 30 (19 studies), these 
estimates were 19% (19–20) and 90% (88–93), and for a BMI ≥ 35 (4 studies), the 
estimates were 21% (12–31) and 92% (89–95). The corresponding LRs were 1.7 
(95% CI 0.3–12) for BMI ≥ 25 and 0.73 (95% CI 0.22–2.5) for BMI < 25, 1.9 (95% 
CI 0.3–12) for BMI ≥ 29 and 0.88 (95% CI 0.61–1.3) for BMI < 29, and 2.7 (95% CI 
1.0–7.3) for BMI≥35 and 0.86 (95% CI 0.68–1.07) for BMI < 35. BMI (at any cutoff), 
pre-pregnancy or at booking, was a fairly weak predictor for pre-eclampsia.
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Blood Pressure

Blood pressure measurement is routinely performed in antenatal care to diagnose 
or predict hypertensive disease. A systematic review of 34 studies with 60,599 
women evaluated the role of blood pressure as a predictor of pre-eclampsia.33 
The areas under the summary receiver operating characteristic curves for blood 
pressure measurement in the second trimester were 0.76 (95% CI 0.70 - 0.82) for 
mean arterial pressure, 0.68 (95% CI 0.64 - 0.72) for systolic blood pressure and 
0.66 (95% CI 0.59 - 0.72) for diastolic blood pressure. A similar trend was noticed 
for blood pressure measurements in the first trimester. 
A mean arterial pressure of 90 mm Hg or more showed a pooled sensitivity of 
62% (95% CI 35 - 89%) and a pooled specificity of 82% (95% CI 72 - 92%); which 
corresponds with derived likelihood ratio of a positive test 3.5 (95% CI 2 - 5) and 
likelihood ratio of a negative test of 0.46 (95% CI 0.16 - 0.75). For a specificity of 
90% the sensitivities of diastolic blood pressure and systolic blood pressure were 
35% and 24% respectively. In high risk populations a diastolic blood pressure of 
75 mm Hg or more at 13 to 20 weeks’ gestation best predicted pre-eclampsia, 
although the accuracy of prediction was modest (likelihood ratio of positive and 
negative test of 2.8 and 0.39, respectively). Mean arterial pressure appears to be 
a better predictor for pre-eclampsia than systolic blood pressure, diastolic blood 
pressure, or increased blood pressure. Blood pressure measurements in the first 
and second trimester at the first antenatal visit for healthy normotensive women 
do not help predict pre-eclampsia.

Laboratory tests 

Uric acid

The association between high blood uric acid levels and pre-eclampsia was 
reported in 1917.34 Renal impairment and an increased breakdown of purines in the 
ischaemic placenta leading to overproduction of uric acid may explain increased 
serum uric acid levels in pregnant women destined to develop pre-eclampsia. The 
role of uric acid as a predictor of pre-eclampsia was evaluated in a systematic 
review that included five studies with 514 women.35 The sensitivity ranged from 
0.0% to 55.6% and the specificity from 76.9% to 94.9%. There was significant 
clinical heterogeneity and poor reporting in the included studies. The accuracy 
of the available evidence is insufficient to recommend uric acid as a predictor of 
pre-eclampsia. 

Proteinuria

Routine proteinuria urinalysis is conducted in antenatal clinics from first booking 
for pre-eclampsia prediction. Early detection of proteinuria in women with new 
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onset hypertension helps to differentiate those women with pre-eclampsia from 
gestational hypertension, thereby influencing further management. Proteinuria 
is usually evaluated by dipstick (visual or automated) or by 24 hour urinary total 
protein excretion. The use of spot protein: creatinine ratio (PCR) and spot albumin: 
creatinine ratio (ACR) has been recently used in clinical practice. A review of 
diagnostic accuracy of proteinuria in predicting pre-eclampsia onset included 
11 studies (4,388 women).15 The pooled estimates of sensitivity and specificity 
were for total proteinuria 35% (95% CI 13 - 68%) and 89% (95% CI 79 - 94%); for 
microalbuminuria 62% (95% CI 23 - 90%) and 68% (95% CI 57 - 77%); ACR 19% 
(95% CI 12 - 28%) and 75% (95% CI 73 -77%). The excretion of urinary kallikrein 
is lower than in normotensive pregnancy with sensitivity greater than 80% and 
specificity greater than 90%.

Cellular and total fibronectin

Women who develop pre-eclampsia are reported to have higher plasma 
fibronectin (FN) concentrations than pregnant controls. FN is a glycoprotein of 
which several subtypes exist. Inflammation, vascular injury and malignancy are 
generally associated with increased expression of the ED-A (also called ED-1+ or 
oncofetal FN) and ED-B (also called ED-2+) forms of FN, particularly in the blood 
vessel walls. ED-A and ED-B are both called cellular FN and represents only 5% 
of all FN in plasma whilst total FN contains all subtypes of FN. A review on the 
accuracy of FN as a predictor of pre-eclampsia onset included three studies.15 For 
cellular FN the highest specificity of 96% (95% CI 79 - 99%) was achieved in the 
2nd trimester at a cut-off value of 5.0 μg/ml with a sensitivity of 50% (95% CI 29.9 
- 70.1%). For total FN the highest specificity was 94% (95% CI 86 - 98%) with a 
sensitivity of 65% (95% CI 44 - 83%) at a cut-off value of 293 μg/m.

Angiogenic Biomarkers

Vascular endothelial growth factor (VEGF) is crucial for vascular development, 
angiogenesis, maintenance of the vasculature and normal kidney function.36 
Pathogenesis of pre-eclampsia is considered to be related to an imbalance 
between proangiogenic factors, like VEGF or placental growth factor (PlGF), and 
antiangiogenic factors, like soluble fms-like tyrosine kinase 1 (sFlt-1, a splice 
variant of VEGF receptor-1) and the soluble form of endoglin.37 Circulating levels 
of VEGF and maternal serum concentrations of PlGF are significantly lower 
in preeclamptic patients when compared with healthy controls.37 sFlt-1 and 
soluble endoglin have been shown to be increased in the maternal circulation in 
pre-eclampsia even before the onset of disease. While sFlt-1 and PlGF provide 
a degree of discrimination between normal pregnancies and those destined to 
develop pre-eclampsia, their combination (ratio of sFlt-1 to PlGF) may provide 
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superior performance.38 For a diagnostic cut-off of 38.46 for sFlt-1/PlGF ratio, the 
positive and negative predictive values were 88.5%, positive likelihood ratio was 
7.7 and negative likelihood ratio was 0.13.39 For a cut off value of 85 for sFlt-1/PlGF 
ratio, the highest sensitivity was 82% and specificity was 95%.40 

Other tests

Maternal serum alpha-fetoprotein (AFP) and human chorionic gonadotrophin 
(HCG) are routinely used to screen for fetal aneuploidy and anomalies. A review 
of diagnostic accuracy of AFP in predicting pre-eclampsia included 12 studies 
(137,097 women) with pooled estimates of sensitivity and specificity of 9% (95% 
CI 5-16%) and 96% (95% CI 94-98%).15 The evidence for diagnostic accuracy 
of maternal HCG included 16 studies (72,732 women) with pooled estimates of 
sensitivity and specificity of 24% (16%-35%) and 89% (86%-92%) respectively.

Haemodynamic investigations

Pre-eclampsia is characterised by abnormal placentation, resulting in inadequate 
uteroplacental blood flow. Uterine artery Doppler ultrasound has been 
demonstrated to be a reliable, non-invasive method of examining uteroplacental 
perfusion. The velocity of uterine artery blood flow assessed by the Doppler 
ultrasound has been evaluated as part of routine ultrasound screening for 
pre-eclampsia. Uterine artery Doppler findings may be reported unilateral or 
bilateral notching, single ratios such as S/D ratio, A/C ratio, and Notch Index, 
pulsatility index or resistance index. 
A systematic review included 74 studies (n=79,547) in which uterine artery 
Doppler ultrasonography was used to predict pre-eclampsia.41 In low risk women, 
an increased pulsatility index with diastolic notching in the second trimester (> 
16 weeks) was the best predictor of pre-eclampsia (likelihood ratio of a positive 
test LR+ 7.5, 95% CI 5.4–10.2; likelihood ratio of a negative test LR- 0.59, 95% 
CI 0.47–0.71). A second trimester finding of increased pulsatility index (LR+ 15.6, 
95% CI 13.3–17.3; LR- 0.23, 95% CI 0.15–0.35) and bilateral notching (LR+ 13.4, 
95% CI 8.5–17.4); LR- 0.4 (95% CI 0.2–0.6) in the second trimester also predicted 
the onset of severe pre-eclampsia in low risk women. In high-risk women, the best 
predictor of pre-eclampsia was unilateral notching (LR+ 20.2, 95% CI 7.5–29.5; 
LR- 0.17, 95% CI 0.03–0.56) and an increased pulsatility index with notching (LR+ 
21.0, 95% CI 5.5–80.5; LR- 0.82, 95% CI 0.72–0.93) in the second trimester. Use of 
Doppler to predict severe pre-eclampsia in high-risk patients had low diagnostic 
accuracy (LR+ 3.7). Pulsatility index and bilateral notching in the second trimester 
appear to be the most promising Doppler indices for prediction of pre-eclampsia.
Placental profile including uterine artery doppler imaging and placental 
morphology in the second trimester and maternal serum screening in the first 
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trimester have been evaluated as predictors of pre-eclampsia.42 Abnormal 
placental morphological condition included shape or texture or both.43 The odds 
ratio of developing pre-eclampsia or HELLP syndrome in the group with normal 
placental profile compared to women with ≥ abnormal profile test results was 0.2 
(95% CI 0.1, 0.4).43

Prevention of pre-eclampsia

Current strategies for prevention focus on pharmacological therapy, dietary 
interventions and modification of lifestyle (Table 1b).

Table 1b. Treatment evaluated for prevention of pre-eclampsia

PREVENTION OF PRE-ECLAMPSIA

PHARMACOLOGICAL TREATMENT

Antiplatelet agents

Nitric oxide agents

Low Molecular Weight Heparin

Anti hypertensives for mild and moderate hypertension

Progesterone

Diuretics

NUTRITIONAL SUPPLEMENTATION

Calcium

Anti oxidants

Folic acid

Magnesium

Marine oil and prostaglandin precursors

LIFE STYLE INTERVENTION AND DIET

Rest

Exercise

Altered dietary salt

Energy and protein intake

Garlic

Pharmacological treatment

Antiplatelet agents

Activation of platelets, as well as an imbalance of thromboxane:prostacyclin 
activity occurs during the pre-clinical phase of pre-eclampsia.10 Thus it is possible 
that agents could prevent or delay the development of pre-eclampsia. Aspirin, the 
most widely used anti-platelet agent has been evaluated for its prophylactic role 
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in the prevention of pre-eclampsia at dose between 50-150mg/day (mostly either 
60mg/day or 100mg/day).10 
A Cochrane review of 43 randomised trials including 32,590 women reported on 
the effectiveness of anti-platelet agents in preventing pre-eclampsia.10 It showed 
that anti-platelet agents reduce the risk of pre-eclampsia by 17% (RR 0.83; 95% 
CI 0.77–0.89). Aspirin was the agent evaluated in 38 of the 43 included studies. 
The subgroup analysis by maternal risk showed that there was a statistically 
significant reduction in the risk of pre-eclampsia in both high risk (RR 0.75; 95% 
CI 0.66 - 0.85) and moderate risk (RR 0.86; 95% CI 0.79 - 0.95) women. Risk 
factors like first pregnancy, BMI over 35, abnormal uterine artery Doppler, multiple 
pregnancy, family history of pre-eclampsia or being a teenager confer moderate 
risk. Meta-analysis of individual patient data confirmed the reduction in the risk of 
pre-eclampsia with anti-platelet agents, although with less estimated treatment 
effect (RR 0.90; 95% CI 0.84–0.97).44 A recent meta analysis of 27 trials (11,348 
women) evaluated the influence of gestational age at which aspirin treatment 
was started in preventing pre-eclampsia in women at risk of pre-eclampsia.45 
Commencement of aspirin early in gestation was associated with a greater 
reduction in the incidence of pre-eclampsia than treatment beginning in late 
gestation. The RR for prevention of pre-eclampsia was 0.47 (95% CI 0.34 to 0.65) 
for aspirin commenced before 16 weeks, and 0.81 (95% CI 0.63 to 1.03) when 
commenced after 16 of gestation.45  Analysis of the optimal dosage of the drug 
by the NICE Guideline Development Group showed that 75 mg of aspirin is the 
optimal dosage for prevention of pre-eclampsia.16 The increase in benefit was not 
observed for higher doses. 
Current NICE guidelines recommend high risk women (those with one or more risk 
factors like previous severe pre-eclampsia, diabetes, chronic hypertension, kidney 
disease or autoimmune disease) and women with 1 or more moderate risk factors 
(first pregnancy, multiple pregnancy, interpregnancy interval over 10 years, age 
more than 40, family history of pre-eclampsia BMI ≥ 35 at first visit) to take 75 mg 
of aspirin daily from 12 weeks of pregnancy until the birth of the baby.

Nitric oxide agents

Nitric oxide is an endothelium-derived vascular relaxation factor. Nitric oxide is 
continuously produced by the endothelium and contributes to the physiological 
vascular adaptations of normal pregnancy by mediating vasodilatation and 
inhibition of platelet aggregation.46 A relative reduction in nitric oxide may 
contribute to the pathophysiology of pre-eclampsia. Drugs that are converted by 
the body into nitric oxide may improve uterine artery blood flow and placental 
perfusion and prevent the onset of pre-eclampsia. Commonly used nitric oxide 
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donors include glyceryl trinitrate, isosorbide mononitrate, isosorbide dinitrate, 
sodium nitroprusside and S-nitroglutathione.
The effectiveness of nitric oxide donors and precursors in preventing pre-eclampsia 
was evaluated in 4 RCTs (170 women).47 They did not show a statistically significant 
reduction in the incidence of either pre-eclampsia (RR 0.83, 95% CI 0.49 -1.41) or 
severe pre-eclampsia (RR 0.10 95% CI 0.01 – 1.87). There is insufficient evidence 
to recommend routine clinical use of nitric oxide donors for the prevention of 
pre-eclampsia.

Low Molecular Weight Heparin

In pre-eclampsia, the extravillous trphoblastic infiltration and the resulting 
transformation of high resistance spiral arteries to low resistance uteroplacental 
blood vessels is affected.48 Ischaemic thrombotic lesions have been observed 
in the placenta of women with pre-eclampsia. The possible prophylactic role of 
anti-thrombotic agents like low molecular weight heparin (LMWH) to prevent the 
vascular pathology in pre-eclampsia, have been studied. A review of two RCTs 
of high risk women studied LMWH in preventing pre-eclampsia (100 women).11 
Both studies commenced LMWH after pregnancy was confirmed. While the 
pooled estimate showed a reduction in the incidence of pre-eclampsia (RR 0.23; 
95% CI 0.08 – 0.68), available evidence is insufficient to recommend LMWH as 
pre-eclampsia prophylaxis outside the setting of a clinical trial.

Anti-hypertensives for mild to moderate hypertension

Treatment with anti-hypertensives was considered in women with mild and 
moderate hypertension in pregnancy to minimise the worsening of the disease. 
A Cochrane review of 22 RCTs (2702 women) did not show any beneficial effect 
of antihypertensive drugs compared to placebo/no treatment in preventing 
pre-eclampsia with an RR of 0.97 (95%CI 0.83-1.13).49 Subgroup analysis by 
gestation, type of hypertensive disease and use of placebo showed no difference 
between the groups.

Progesterone

The use of progesterone has been evaluated in 1 RCT (128 women) for the 
prevention and treatment of pre-eclampsia.50 There was no beneficial effect 
observed in the reduction of pre-eclampsia (RR 0.21, 95% CI 0.03 – 1.77). There is 
a paucity of high quality evidence to recommend progesterone for the prevention 
of pre-eclampsia. 

56

proefschrift Langenveld.indb   56 28-9-2011   13:36:49



4
chapter

Diuretics

Management of hypertension in non-pregnant women often involves the use 
of diuretics. With increasing evidence of the reduction of plasma volume in 
pre-eclampsia, there were concerns that diuretics might worsen the existing 
hypovolaemia in women with pre-eclampsia, thereby adversely affecting the 
mother and baby.51 
Four RCTs (1,391 women) compared the use of thiazide diuretics with placebo or 
no treatment in the prevention of pre-eclampsia. There is no significant reduction 
in pre-eclampsia by treatment with diuretics (RR 0.68, 95% CI 0.45 – 1.03).52 Given 
the lack of benefit and the potential adverse side effects of diuretics to the mother 
and fetus, their use in pregnancy should not be recommended. 

Nutritional supplementation

Calcium 

Women with high intake of calcium have been observed to have a low incidence of 
hypertensive disorders in pregnancy.53 This led to the hypothesis that an increase 
in calcium intake during pregnancy might reduce the incidence pre-eclampsia, 
especially in women with low calcium intake. Calcium acts by reducing smooth 
muscle contractility and vasoconstriction by its effect on parathyroid and 
intracellular calcium. It might also have an indirect effect on smooth muscle 
function by increasing magnesium levels. Recently, calcium has been shown to 
affect uteroplacental blood flow by reducing resistance in the uterine and umbilical 
arteries.54

A recent systematic review of thirteen RCTs (15,730 women) assessed the 
effectiveness of calcium in preventing pre-eclampsia.12 About two thirds of the 
women had a low dietary calcium intake (10,678 women) and 587 women were 
at high risk. The average daily calcium intake in the studies was 1.5 – 2 grams of 
various preparations including calcium carbonate (eight RCTs), elemental calcium 
(three RCTs) and calcium gluconate (one RCT). Calcium was effective in the 
prevention of pre-eclampsia (RR 0.45; 95% CI 0.31 – 0.65). The beneficial effect 
was mainly observed seen in the high risk group (RR 0.22; 95% CI 0.12 – 0.42) and 
in the group with low nutritional calcium intake (RR 0.36; 95% CI 0.20 - 0.65). The 
subgroup analysis for women with adequate dietary calcium intake showed no 
significant effect on the incidence of pre-eclampsia (RR 0.62, 95% CI 0.32 - 1.2). It 
is possible that the beneficial effect observed in the group with low calcium intake 
is due to the epiphenomenon of blood pressure reducing effect of calcium in the 
active arm of the trials involving these women. A daily intake of at least 1 gram 
(e.g. 1.5 – 2 gram) of calcium reduces the incidence of pre-eclampsia in high risk 
women and women with low dietary intake of calcium. 
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Anti-oxidants

Abnormal placental development in pre-eclampsia leads to reduced placental 
perfusion, and mediates a state of oxidative stress. Anti-oxidants (such as vitamine 
C, vitamine E, lycopene and selenium) have been proposed to protect proteins and 
enzymes from oxidation and destruction by free radicals, and help to maintain 
cellular membrane integrity. Dietary supplementation with anti-oxidants may limit 
the endothelial damage observed in pre-eclampsia. 
A Cochrane review evaluated the effectiveness of anti-oxidants for preventing 
pre-eclampsia included 9 trials and 5,446 women. There was no evidence that 
anti-oxidants prevent pre-eclampsia (RR 0.73, 95% CI 0.51 – 1.06).55 Since the 
publication of this Cochrane review, 4 large RCTs have studied the effectiveness of 
anti-oxidants in preventing pre-eclampsia in both low risk and high risk women.56-

59 There was no decrease in the incidence of pre-eclampsia in either low risk 
or high risk women taking anti-oxidant supplementation. There is no evidence 
that anti-oxidants are effective in preventing pre-eclampsia and there have been 
consistent concerns raised in the adequately powered trials about potential 
perinatal harm.

Folic acid

The effect of folic acid supplementation in the second trimester on pre-eclampsia 
has been evaluated in 1 prospective cohort study.60 The dose of folic acid 
was over 1 mg and used in combination with multivitamins. There was no 
statistically significant reduction in the incidence of pre-eclampsia with folic acid 
supplementation alone (RR 0.46; 95% CI 0.16-1.31). When taken in combination 
with multivitamins, there was a reduction in the incidence of pre-eclampsia (RR 
0.37; 95% CI 0.18-0.75).

Magnesium 

Meta-analysis of two RCTs (474 women) comparing magnesium supplementation 
with placebo did not show any effect on the incidence pre-eclampsia (RR 0.87, 
95% CI 0.57 -1.32).14 There is not enough good quality evidence to support 
magnesium supplementation for prevention of pre-eclampsia.

Marine oil and other prostaglandin precursors 

Marine oils are rich sources of n-3 long chain polyunsaturated fatty acids 
(omega-3 fatty acids). Marine oil fatty acids have the potential to down regulate 
vasoconstriction and endothelial damage responses of pre-eclampsia through 
direct competition with the thromboxane A2 precursor, arachidonic acid. Other 
agents, such as evening primrose oil, contain a fatty acid called gamma-linolenic 
acid that has a similar mechanism of action as omega-3 fatty acids. 
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Meta-analysis of 4 RCTs (1,683 women) comparing fish-oil or primrose oil with 
placebo, did not show a reduction in pre-eclampsia (RR 0.86; 95% CI 0.59 -1.27).14 
Subgroup analysis in low risk (RR 1.0; 95% CI 0.52 – 1.98) and high risk patients (RR 
0.80; 95% CI 0.50 - 1.29) did not observe any benefit for reducing pre-eclampsia. 
There is not enough evidence to support the routine use of marine oil, or other 
prostaglandin precursor, supplements during pregnancy to reduce the risk of 
pre-eclampsia.

Life style interventions and diet 

Life style preferences like exercise, bed rest and type of diet may influence 
the risk of hypertension and pre-eclampsia. They are mostly influenced by the 
choice of the woman and there is a need for robust evidence prior to making any 
recommendations.61 

Rest

Rest has been proposed to have a beneficial effect on the prevention of 
pre-eclampsia based on few case control studies. Furthermore, the observation of 
increase in systolic blood pressure in women walking or moving about, compared 
to when they have been sitting for some time has led to randomised studies in 
this area. 
Two small trials (106 women) have studied the effectiveness of rest compared 
with restricted activity in preventing pre-eclampsia. There was a reduction in 
risk of pre-eclampsia with four to six hours rest per day (one trial, 32 women; RR 
0.05; 95% CI 0.00 - 0.83), compared with normal activity.62 Rest of 30 minutes 
per day plus nutritional supplementation was associated with a reduction in the 
risk of pre-eclampsia (one trial, 74 women; RR 0.13, 95% CI 0.03 - 0.51).63  There 
is insufficient evidence to recommend rest to women to reduce pre-eclampsia.

Exercise

Regular exercise is associated with an increase in plasma volume and cardiac 
output, lower plasma triglycerides, inflammatory cytokines and insulin resistance. 
This led to the hypothesis that exercise during pregnancy might reduces the risk 
on pre-eclampsia.64 The meta-analysis of 2 RCTs (45 women) comparing moderate 
intensity aerobic exercise with normal physical activity during pregnancy in woman 
at moderate to high risk of pre-eclampsia showed no significant difference in the 
incidence of pre-eclampsia (RR 0.31; 95% CI 0.01 – 7.09). There is no evidence 
that exercise is effective in preventing pre-eclampsia. 
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Altered dietary salt 

In the past, women have been advised that lowering their salt intake might reduce 
their risk on developing pre-eclampsia. Two RCTs (631 women) compared the 
advice of reducing dietary salt intake with normal diet in pregnancy and found no 
diffrence in the incidence of pre-eclampsia (RR 1.11; 95% CI 0.46 - 2.66).65 Salt 
consumption during pregnancy should remain a matter of personal preference 
and not as a recommendation. 

Energy and protein intake 

Nutritional advice in pregnancy has no effect on the incidence of pre-eclampsia 
(RR of 0.89; 95% CI 0.42-1.88).66 Isocaloric balanced protein supplementation 
(RR 1.00; 95% CI 0.57-1.75) and balanced protein/energy intake (RR 1.2; 95% CI 
0.77 – 1.89) are also ineffective in preventing pre-eclampsia.66 From the limited 
available evidence, there is no indication that changing energy/protein intake has a 
preventing effect on the incidence of pre-eclampsia. 

Garlic 

Garlic has been suggested to lower blood pressure, reduce oxidative stress, and/
or inhibit platelet aggregation with a potential to prevent pre-eclampsia. Results 
from the randomised trial (100 women) comparing garlic tablets and placebo 
showed no significant reduction in pre-eclampsia was observed in women taking 
garlic tablets (RR 0.78; 95% CI 0.31 -1.93).67 There is insufficient evidence to 
recommend increased garlic intake for preventing pre-eclampsia.

Summary 

Tests in early pregnancy for the prediction of onset of pre-eclampsia have better 
specificity than sensitivity, with wide variation in the precision of accuracy 
estimation (Table 2). No single test has been shown to robust evidence to predict 
pre-eclampsia. Given the quality, level and precision of the accuracy evidence, 
no single test has emerged as a front runner in the quest to predict and prevent 
pre-eclampsia. Tests like BMI >34, AFP, fibronectin and uterine artery Doppler 
(bilateral notching) have high specificity. They have the potential to minimise 
unwarranted inconvenience, expense and morbidity associated with false positive 
results when disease would not have developed later in pregnancy anyway. Tests 
with high sensitivity, e.g. Doppler (resistance index and combinations), have low 
false negative results with the potential to reduce costs and morbidity of cases 
left untreated associated. The test that seems to offer the promise of both high 
sensitivity and high specificity is kallikreinuria and requires further investigation. 

60

proefschrift Langenveld.indb   60 28-9-2011   13:36:49



4
chapter

Table 2. Accuracy of tests in predicting pre-eclampsia

Test

CLINICAL HISTORY RR (95% CI)

Maternal age > 40

Primigravida 1.7 (1.2 – 2.3)

Multigravida 2.0 (1.3 – 2.9)

Nulliparity 2.9 (1.3 – 6.6)

Family history of pre-eclampsia 2.9 (1.7 – 4.9)

Multiple pregnancy

- Twins 2.9 (2.0 – 4.2)

- Triplets 2.8 (1.3 – 6.4)

Pre-eclampsia in previous pregnancy 7.2 (5.9 – 8.8)

History of autoimmune disease 6.9 (4.3 – 42)

History of thrombophilia 9.7 (4.3 – 22)

CLINICAL EXAMINATION Sensitivity Specificity

Body Mass Index (BMI)

- BMI ≥ 25 47% (33 – 61) 73% (64 – 83)

- BMI ≥ 30 19% (19 – 20) 90% (88 – 93)

- BMI ≥ 35 21% (12 – 31) 92% (89 – 95)

Blood pressure in the first trimester

- Mean arterial pressure ≥ 90 mmHg 62% (35 – 89) 82% (72 – 92)

LABORATORY TESTS

Uric Acid 36% (22 – 53) 83% (73 – 90)

Proteinuria

- Total 24 hours proteinuria 35% (13 – 68) 89% (79 -94)

- Microalbuminuria 62% (23 – 90) 68% (57 – 77)

- Spot albumin:creatinine ratio 19% (12 – 28) 75% (73 – 77)

Plasma fibronectin (FN)

- Cellular FN 50% (30 – 70) 96% (79 – 99)

- Total FN 65% (44 – 83) 94% (86 – 98)

Alpha-fetoprotein 9% (5 – 16) 96% (94 – 98)

Human chorionic gonadotrophin 24% (16 -35) 89% (86 – 92)

HAEMODYNAMIC INVESTIGATIONS

Uterine artery Doppler in second

Trimester

Low risk women 23% (14 – 35) 99% (98 – 99)

- High pulsatility index and notching

High risk women 83% (36 – 100) 96% (90 – 99)

- Unilateral notching 19% (5 -42) 99% (97 – 100)

- High pulsatility index and notching
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Anti-platelet agents, mainly aspirin show a statistically significant effect in 
preventing pre-eclampsia (Table 3). Pharmacological agents like low molecular 
weight heparin, progesterone, nitric oxide donors, anti-hypertensives and diuretics 
are not effective in preventing pre-eclampsia. Dietary supplementation with 
calcium has been beneficial in women with low calcium intake and in those who are 
at high risk for pre-eclampsia. Dietary supplements like magnesium, anti-oxidants, 
marine oils and folic acid do not reduce the incidence of pre-eclampsia. There is 
paucity of evidence to demonstrate that life interventions like rest, exercise and 
reduced dietary salt intake prevent pre-eclampsia. 

Table 3. Effectiveness of intervention in the prevention of pre-eclampsia

Intervention RR (95% CI)

PHARMACOLOGICAL AGENTS

Anti platelet agents 0.90 (0.84, 0.97)

Nitric oxide agents 0.83 (0.49, 1.41)

Low molecular weight heparin 0.23 (0.08, 0.68)

Anti hypertensives 0.97 (0.83, 1.13)

Progesteron 0.21 (0.03, 1.77)

Diuretics 0.68 (0.45, 1.03)

NUTRITIONAL SUPPLEMENTATION

Calcium 0.45 (0.31, 0.65)

Anti-oxidants 0.73 (0.51, 1.06)

Folic acid 0.46 (0.16, 1.31)

Magnesium 0.87 (0.57, 1.32)

Marine oil and prostaglandin precursors 0.86 (0.59, 1.27)

LIFESTYLE INTERVENTIONS

Rest 0.05 (0.00, 0.83)

Exercise 0.31 (0.01, 7.09)

Altered dietary salt 1.11 (0.46, 2.66)

Energy and protein intake 1.20 (0.77, 1.89)

Garlic 0.78 (0.31, 1.93)

Practice points
l	 Given the generally low sensitivities of the tests evaluated, clinicians need 

to consider refraining from testing for predicting pre-eclampsia, but initiate 
preventative treatment

l	 Aspirin should be commenced at 12 weeks of pregnancy for women at high 
risk of pre-eclampsia or with more than one moderate risk factor

l	 Calcium supplementation should be considered in those with low dietary 
calcium intake
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l	 It is not advisable to recommend low molecular weight heparin, progesterone, 
nitric oxide agents, anti-hypertensives and diuretics for the prevention of 
pre-eclampsia

l	 There is no strong evidence to recommend dietary supplementation with 
magnesium, anti-oxidants, marine oils, and folic acid to prevent pre-eclampsia

l	 Life style interventions like rest, exercise and diet requirements like low salt 
intake should be based on personal preferences alone

Research agenda
l	 To design robust test accuracy studies with sufficient power to estimate test 

sensitivity of newly developed tests and markers
l	 To evaluate the added value of new tests using statistical analyses that 

incorporate information which physicians document through the clinical 
history (risk profile) 

l	 To undertake individual patient data diagnostic meta-analyses to improve the 
power and validation of so developed predictive models 

l	 To evaluate the clinical and cost effectiveness of calcium supplementation in 
women at moderate and high risk of pre-eclampsia

l	 To assess the effectiveness of lifestyle interventions with good quality, 
adequately powered randomised controlled trials which measure all relevant 
clinical outcomes, side effects, costs and acceptability to women
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